An isocratic, reversed phase, high-performance liquid chromatographic (HPLC) method was developed for the determination of the marker compounds K052 (iso-formononetin), K054 (methoxy derivative) and K080 (formononetin) in NP-1, an antiosteoporotic plant product from Butea monosperma. The separation was achieved on a C 18 column with a mobile phase consisted of a mixture of 0.05M potassium dihydrogen phosphate containing 0.1% v/v triethyl amine (pH adjusted to 2.5 with phosphoric acid) buffer and acetonitrile (70:30 v/v), at a flow rate of 1.5 mL/min. The retention times of K054, K080 and K052 were about 13, 21 and 23 mins, respectively. The effluents were monitored at 254 nm. The calibration curves were linear over the concentration ranges of 2.7-21.3, 2.1-33.6 and 2.8-22.4 μg/mL for K054, K052 and K080, respectively. The limits of detection were 0.42, 0.53 and 0.56 μg/mL, respectively. The accuracies and precisions in all cases were less than 5% in the calibration range.
NP-1 is an anti-osteoporotic plant product from B. monosperma. The three active marker compounds K054, K052 and K080 were isolated from the ethanolic extract of the bark of this plant (Figure1) and this paper reports an estimation procedure for these compounds in NP-1.
A RP-HPLC method for determination of the three marker compounds was developed. Several mobile phases consisting of various concentrations of acetonitrile with water and acetonitrile with phosphate buffer were tried, but found unsuitable. To achieve the proper separation we tried triethyl amine as an ion pairing agent in the phosphate buffer. The mobile phase, consisting of a mixture of 0.05 M potassium dihydrogen phosphate, 0.1% v/v triethyl amine (pH adjusted to 2.5 
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with phosphoric acid) buffer and acetonitrile (65:35 v/v) at a flow rate of 1.5 mL/min, showed some separation, but baseline separation of all the marker compounds was not found. The mobile phase was modified to 0.05 M potassium dihydrogen phosphate containing 0.1% v/v triethyl amine (pH adjusted to 2.5 with phosphoric acid) buffer and acetonitrile (70:30 v/v); this gave baseline separation. Column effluents were monitored at 254 nm (λ max for all three compounds is 249 nm). Data were acquired and processed using CLASS-VP software (version 6.14).
Validation of the method

Calibration and linearity:
To determine the linearity of HPLC response, a standard solution of K052, K054 and K080 was used. Good linear correlation was obtained between peak areas and concentration in the selected range of 2.7-21. 3 
Limits of detection and quantitation:
The limit of detection (LOD) and limit of quantitation (LOQ) were within the acceptable limits for the linearity ranges reported in Tables 2-4 [13] [14] [15] [16] . The values for K054, K052 and K080 were 0.5 and 2.7, 0.4 and 2.1, 0.6 and 2.8 µg/mL, respectively.
Accuracy and precision:
The accuracy of the method was calculated on the basis of the difference in the mean calculated and added concentrations (% DFA) and the precision was obtained by calculating the coefficient of variance (% CV). Extraction recovery: The extraction recovery was determined by adding a known amount of the marker compounds in pre analyzed samples and reanalyzing them. The extraction recoveries were found to be between 95-102% for all the marker compounds.
Application of method:
The proposed method was used for the analysis of four batches of NP-1 and the results are given in table 5.
Experimental
Materials and reagents:
NP-1 and marker compounds were provided by Dr Rakesh Maurya. Acetonitrile (HPLC grade) was obtained from Merck Limited (Mumbai, India). Triple distilled water from an all glass apparatus was used. Potassium dihydrogen orthophosphate (AR grade and DMSO (AR grade) were purchased, respectively, from SD Fine Chemicals Limited and M/S Thomas Baker Chemicals Limited (Mumbai, India).
Chromatography: The HPLC system (Shimadzu, Kyoto, Japan) was equipped with a pump (LC-10 ATvp), a PDA detector (LC-10MAvp), and a Rheodyne (Cotati, CA, USA) model 7125 injector with a 20 μL loop. HPLC separation was achieved at 25±3 0 C on a Lichrosphere® Lichrocart® C 18 column (250 mm, 4 mm, 5 μm; Merck Ltd., Mumbai India).
Development of HPLC method:
The mobile phase consisting of buffer containing 0.05 M potassium dihydrogen phosphate with 0.1% v/v triethyl amine (pH adjusted to 2.5 with phosphoric acid) and acetonitrile (70:30 v/v) gave proper separation of all the marker compounds. Column effluents were monitored at 254 and 370 nm. Data were acquired and processed using CLASS-VP software (version 6.14).
Identification of marker compounds in NP-1:
The three marker compounds K054, K052 and K080 were identified at retention times of about 13, 21.5 and 23 min, respectively.
Standard stock solution:
Stock solutions of K054, K052 and K080 were prepared in 100 μL DMSO and make up to 10 mL with methanol to give final concentrations of 21.3, 16.8 and 22.4 μg/mL, respectively. These solutions were stored at 4ºC in tightly stoppered volumetric flasks. Under these conditions, the solutions were stable for up to 8 weeks.
Sample preparation: NP-1 (200 mg) was suspended in 100 μL DMSO and vortexed 5 times, each for 5 mins at 45ºC. The final volume was made up to 10 mL with methanol. The samples were centrifuged and 20 μL of the supernatant was injected.
Calibration curve:
A series of standard solutions with concentrations in the range of 0.42-33.6, 0.53-21.3 and 0.56-22.8 μg/mL for K052, K054 and K080, respectively was obtained by serial dilution with methanol. Twenty μL of solution was injected under the operating chromatographic conditions described above. Calibration curves were constructed by plotting peak area versus concentration and the regression equations were calculated.
Extraction recovery:
The extraction recovery was assessed by comparing the concentration found in treated samples, after deducting the previous concentration calculated in the sample, at concentrations of 2.1, 8.4, 33.6 (K052), 1.06, 5.32, 21.3 (K054), 1.12, 5.6, 22.4 (K080) µg/mL, with those of standard solutions of corresponding concentration.
